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Specifications 

1. Name of Invention 

Cleaning Method for Silicon Wafer 

2. Claims * 

(1) A method for cleaning a silicon wafer is characterized by a cleaning liquid comprised of an aqueous 
solution that contains 0.1 - 20 wt% hydrogen fluoride during the silicon wafer cleaning process, along with 0.5 
- 25 wt% nitric acid that is used as an oxidizing agent. 



(2) t A method for cleaning a silicon wafer is further characterized by a cleaning liquid comprised of an 
aqueous solution that contains 0.05 - 10 wt% hydrogen fluoride during the silicon wafer cleaning process, along 
with 0.05 - 10 wt% hydrogen peroxide that is used as an oxidizing agent. 

(3) A method for cleaning a silicon wafer is further characterized by a cleaning liquid comprised of an 
aqueous solution that contains 0.05 - 10 wt% hydrogen fluoride during the silicon wafer cleaning process, along 
with oxidizing gas bubbles that are mixed into the solution to be used as an oxidizing agent. 

3. Detailed Description of the Invention 
Industrial Field of Application 

This invention pertains to a cleaning method designed to provide a high level of cleanliness along the 
surface of a silicon wafer. 
Prior Art 

In recent years, the high level of integration within devices has brought a strong demand for an 
improved level of cleanliness along the surface of the silicon wafers that are used as substrates for these 
devices. 

When minute contaminants (also referred to as particles) exist along the surface of a silicon wafer, such 
as silicon particles, dust, etc., this can result in disconnections and shorts along the wires within a device, and in 
cases where metallic contaminants exist such as transition metals, other problems can arise such as the 
occurrence of defects along the oxidation inductive lamination layer, as well as a drop in the lifetime of the 
device. For this reason, when a cleaning process is conducted for the purpose of removing these contaminants, it 
is also necessary to prevent contamination during the cleaning process. 

Recently, the following methods have been used for cleaning silicon wafers: (1) a method in which 
cleaning is conducted using a diluted hydrogen fluoride solution, (2) a method in which cleaning is conducted 
using, a mixed solution of either hydrochloric acid or sulfuric acid and hydrogen peroxide, and (3) a method in 
which cleaning is conducted using a mixed solution of ammonia and hydrogen peroxide. The cleaning liquid 
used in each of these cleaning methods contains water and a highly pure form of chemicals designed to 
maximize the reduction of minute particle contaminants and transition metal contaminants. 
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. Among the previous methods noted above, method (1) is capable of dissolving a natural oxide film with 
a normal thickness of 1 OA on a silicon wafer surface, and while this method is highly effective at removing 
metallic contaminants within the oxide film, it still presents some difficulty when it comes to reducing the level 
of minute particle contaminants. 

Method (2) is able to use a high level of dissolution capability with respect to the metallic contaminants 
contained within the sulfuric acid, but it is incapable of dissolving an oxide film. For this reason, it is highly 
effective when it comes to removing metallic contaminants located on top of an oxide film, but it has very little 
effect when it comes to removing metallic contaminants that are located within an oxide film or along the 
interface between an oxide film and silicon. 

Since method (3) works to dissolve the silicon itself, it is highly effective at removing metallic 
contaminants located on top of the silicon layer. However, due to the fact that the oxide film that is generated 
within the basic cleaning solution can easily become embedded with the metallic contaminants, etc., that exist 
within the cleaning solution, there is a high possibility that the silicon wafer will become contaminated once 
again. However, due to the fact that this method is highly effective at removing minute particles, it is widely 
used among wafer manufacturers and device manufacturers. 

In addition, as a method for resolving the problems experienced with the prior methods noted above, the 
so-called Slight Etch method was introduced in which a silicon wafer is cleaned by being dipped into a mixed 
solution of 60 wt% nitric acid and a maximum of 0.1 wt% hydrogen fluoride. (Ritsuo Takizawa, et ah, 
"Extended Abstracts of Solid State Devices and Materials, 1 988, P. 475) 

However, highly pure nitric acid, which is referred to as semiconductor grade nitric acid, still contains 
ppb-order or sub-ppb-order metallic contaminants such as AI, Ca, Cu, Fe, K, Na, Zn^ etc: Accordingly, there is a 
high concentration of metallic contaminants within cleaning solutions that contain a high concentration of nitric 
acid, such as 60 wt%. Furthermore, when a cleaning tank made of quartz glass is used, the metallic impurities 
within the quartz glass become eluted into the solution, causing the concentration to gradually increase. 

Also, with the high oxidation strength of highly concentrated nitric acid, an oxide film forms on the 
surface of silicon wafers, and the metallic contaminants within the cleaning solution can easily become 



embedded within this oxide film. Therefore, even when the Slight Etch method is applied, there is a limit to the 
level of high purification that takes place with regard to the silicon wafers. 
Problem to Be Solved by the Invention 

A method for evaluating the purity of silicon wafer surfaces is one in which the lifetime (hereinafter 
referred to as the recombination lifetime) is investigated using the microwave reflection method. Using this 
method, the inventors have evaluated the purity of silicon wafers that were cleaned according to each type of 
method available. The results showed that in cases where Fe is included in the cleaning solution during cleaning 
operations in which a mixed solution of ammonia and hydrogen peroxide is used, contamination occurs along 
th6 silicon wafer surface at a level of approximately 8 x 10 n atoms/cm 2 even when the Fe amount is very low at 
0.5 ppb. It is further understood that this causes a drop in the recombination lifetime. (Otsuka, et al., The 34 th 
Semiconductor and Integrated Circuit Technology Symposium, Preliminary Findings, 1988, P. 37) 

The objectives of this invention are as follows: to significantly reduce the level of minute particle 
contaminants as well as metallic contaminants such as Fe when cleaning silicon wafers; to eliminate quality 
problems such as the occurrence of defects along the oxidation inductive lamination layer, as well as drops in 
lifetime; and to obtain a highly pure silicon wafer that will prevent degradation of electrical properties when 
used in devices. 

An outline of this invention follows. 

(1) A method for cleaning a silicon wafer is characterized by a cleaning liquid comprised of an aqueous 
solution that contains 0.1-20 wt% hydrogen fluoride during the silicon wafer cleaning process, along with 0.5 
- 25 wt% nitric acid that is used as an oxidizing agent. 

(2) A method for cleaning a silicon wafer is further characterized by a cleaning liquid comprised of an 
aqueous solution that contains 0.05 - 10 wt% hydrogen fluoride during the silicon wafer cleaning process, along 
with 0;05 - 10 wt% hydrogen peroxide that is used as an oxidizing agent. 

(3) A method for cleaning a silicon wafer is further characterized by a cleaning liquid comprised of an 
aqueous solution that contains 0.05 - 10 wt% hydrogen fluoride during the silicon wafer cleaning process, along 
with oxidizing gas bubbles that are mixed into the solution to be used as an oxidizing agent. 
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* This invention is designed to minimize the amount of additives for the purpose of significantly reducing 
the level of impurities in a cleaning solution when a cleaning operation is conducted for silicon wafers. In 
addition, a cleaning solution with a superior level of cleaning capability is used. Specifically, this invention 
calls for an oxidizing agent to be added to a highly acidic aqueous solution containing a minimal amount of 
fluorine ions. Furthermore, as the oxide film along the silicon wafer surface is dissolved, an etching capability is 
provided for the silicon, making it possible to effectively remove metallic contaminants such as Fe, etc. Claim 
(1) notes that a minimal amount of nitric acid is used as an oxidizing agent, whereas Claim (2) notes that a 
minimal amount of hydrogen peroxide is used, and Claim (3) notes that an oxidizing gas is used. 

According to this invention, the respective concentrations of hydrogen fluoride, nitric acid, and 
hydrogen peroxide within the cleaning solution are given in weight percentages of HF, HN0 3 , and H 2 0 2 . In 
Claim (3), it is possible to use an oxidizing gas that contains oxygen as well as nitrous oxide (dinitrogen 
monoxide). Furthermore, an ultrapure form of water is used as a solvent. 

In Claim (1), given less than 0.1 wt% of hydrogen fluoride and less than 0.5 wt% of nitric acid, the 
removal effect with regard to the metallic contaminants is insufficient. If the hydrogen fluoride concentration is 
increased to exceed 20 wt%, a trend is recognized in which the amount of minute particle contaminants 
increases along the surface of the silicon wafers. Furthermore, if the nitric acid concentration is increased to 
exceed 25 wt%, there is an excessive amount of etching along the silicon surface, resulting in a defective wafer 
surface with a cloudy appearance. Thus, if the maximum concentration of hydrogen fluoride is set to 20 wt% 
and the maximum concentration of nitric acid is set to 25 wt%, there is no substantial problem with regard to 
the concentration of impurities that become intermixed from the chemicals. 

Therefore, the concentration of hydrogen fluoride has been set to a range of 0.1 - 20 wt%, and that of 
nitric acid has been set to a range of 0.5 - 25 wt%. Note that if the cleaning solution temperature is allowed to 
increase beyond the required level, this will cause the hydrogen fluoride as well as the water and nitric acid to 
escape in the form of steam and may result in a cleaning solution that falls outside the scope prescribed by the 
invention. Furthermore, increasinglhe temperature requires more time, which could result ii) a significant loss 
of productivity. Therefore, the preferred maximum temperature is 



In Claim (2), given less than 0.05 wt% of hydrogen fluoride and less than 0.05 wt% of hydrogen 
peroxide, the removal effect with regard to the metallic contaminants is insufficient. If the hydrogen fluoride 
concentration is increased to exceed 10 wt%, a trend is recognized in which the amount of minute particle 
contaminants increases along the surface of the silicon wafers. Furthermore, if the hydrogen peroxide 
concentration is increased to exceed 10 wt%, there is an excessive amount of etching along the silicon surface, 
resulting in a defective wafer surface with a cloudy appearance. Thus, if the maximum concentration of 
hydrogen fluoride is set to 10 wt% and the maximum concentration of hydrogen peroxide is set to 10 wt%, there 
is no substantial problem with regard to the concentration of impurities that become intermixed from the 
chemicals. 

Therefore, the concentration of hydrogen fluoride has been set to a range of 0.05 - 10 wt%, and that of 
hydrogen peroxide has been set to a range of 0.05 - 10 wt%. Note that if the cleaning solution temperature is 
allowed to increase beyond 80°C, this will cause uneven cleaning such that pits may form on the silicon wafer 
surface after the heat treatment is conducted. Therefore, the preferred maximum temperature is 80°C. 

In Claim (3), given less than 0.05 wt% of hydrogen fluoride and no intermixing of oxidizing gas 
bubbles, the removal effect with regard to the metallic contaminants is insufficient. If the hydrogen fluoride 
concentration is increased to exceed 10 wt%, the amount of minute particle contaminants increases along the 
surface of the silicon wafers, and at the same time, the etching amount becomes excessive, resulting in a 
defective wafer surface. Thus, if the maximum concentration of hydrogen fluoride is set to 10 wt%, there is no 
substantial problem with regard to the concentration of impurities that become intermixed from the chemicals. 
Furthermore, since a highly pure form of an oxidizing gas can be relatively easily obtained which has a very 
low concentration of impurities, this poses no problem. 

Therefore, the concentration of hydrogen fluoride has been set to a range of 0.05 - 10 wt%, and 
oxidizing gas bubbles are intermixed to be used as an oxidizing agent. Note that if the cleaning solution 
temperature is allowed to increase beyond 80°C, this will cause uneven cleaning such that pits may form on the 
silicon wafer surface after the heat treatment is conducted. Therefore, the preferred maximum temperature is 
80°C 



In order to intermix the oxidizing gas bubbles within the cleaning solution, it is possible to use a means 
that is already well-known, such as inserting a gas introduction tube into the cleaning tank or installing gas jets 
along the bottom of the cleaning tank such that the gas is allowed to bubble into the tank. 

Based on this invention, there is an electrochemical coupling between the anodic dissolution reaction of 
the silicon that occurs between the silicon and fluorine ions, and the cathodic reaction that is caused by the 
oxidizing agent, resulting in a movement of the corrosion potential to the anode side. This makes it easy to 
remove the metallic contaminants from the silicon wafer surface. 



Passive membranes comprised of silicon oxides are either chemically or electrochemically dissolved 
within the highly acidic aqueous solution containing fluorine ions that fall within the scope of the method 
discussed in this invention. Due to the fact that this will cause stripping of the silicon wafer surface, it is 
necessary to add a certain amount of oxidizing agent, and when the corrosion potential moves to the anode side, 
the metal contaminants are easily removed from the wafer surface. 

Note that according to the method described in this invention, substances other than those noted above 
as components of the cleaning solution may also be added without causing a loss of cleaning capability. 
Examples include salt types such as ammonium fluoride, etc. 

In addition, according to the method of this invention, it is also acceptable to use prior well-known 
forms of cleaning methods in conjunction with this method. As an example, for greater effect, cleaning can be 
conducted using a mixed solution of ammonia and hydrogen peroxide, followed by another cleaning in which a 
diluted fluorine aqueous solution is used, after which cleaning is finally conducted using the method of this 
invention. 
Embodiments 

<1> Embodiment for Claim 1 

The surfaces of silicon wafers are contaminated with the following: approx. 270 x 10 10 atoms/cm 2 of Cr, 
approx. 240 x 10 10 atoms/cm 2 of Cu, approx. 2230 x 10 10 atoms/cm 2 of Fe, arid approx. 313 x 10 lp atoms/cm 2 of 
Ni. These wafers are then dipped into the various cleaning solutions listed in Table 1, which provides the results 
for each cleaning. Immediately after cleaning, the silicon wafers are cleaned twice for at least five minutes each 
under ultrapure running water, after which they are spun dry and an analysis is conducted to determine the level 
of metallic contamination on the surface. 

During the analysis, chemical etching using a concentrated fluorine and nitric acid solution is applied to 
dissolve a 1 \im surface layer, after which the metallic element concentration within this solution is measured 
using a frameless atomic absorption photometry analysis method. Note that ND indicates a level that falls, below 
the lower limit for analytical determination. Also note that Cr is less than 0.1 x 10 10 atoms/cm 2 , Cu and Fe are 
less than 0.2 x 10 ]0 atoms/cm 2 , and Ni is less than 2.0 x 10 10 atoms/cm 2 . 



The minute particles on the wafer surface are measured using a wafer surface particulate measuring 
device, and those wafers showing 10 particulates per wafer or less are indicated with an O, whereas those 
showing more than 10 particulates per wafer are indicated with an X. 

In addition, a visual judgment is made as to whether the wafer surfaces after cleaning are hydrophobic or 
hydrophilic. Those that are hydrophobic are indicated with an O, those that are slightly hydrophobic are marked 
with a A, and those that are hydrophilic are marked with an X. A hydrophobic surface indicates that a silicon 
oxide, namely and oxide layer, does not exist on the silicon wafer surface. 

An optical microscope is then used in order to observe whether or not there are any pitting defects along 
the wafer surface, and the findings are included in the table. The absence of pits indicates that the etching 
amount is appropriate, such that the wafer has an extremely smooth mirror surface. 

In Table I, Comparison Examples 1 and 15 show that the residual amounts of Fe and Cu are particularly 
high due to the low levels of hydrogen fluoride during cleaning. In the same fashion, Comparison Examples 6 
and 14 show a high occurrence of pitting as well as residual minute particle contamination due to the fact that 
the hydrogen fluoride levels are too high. Pitting defects also occur in the cases of Comparison Examples 19 
and 20 due to the fact that the nitric oxide levels are too high. 

Prior Art Example No. 21 in which the Slight Etch cleaning method is applied uses an aqueous solution 
that has 60 wt% of HN03 and 0.1 wt% of HF, but the removal effect is low with regard to Fe. Prior Art 
Example No. 22 in which the Ammonia Hydrogen Peroxide cleaning method is applied uses an aqueous 
solution that has 4.1 wt% of NH 3 and 4.4 wt% of H 2 0 2 , and among the various cleaning methods, this one has 
the lowest removal effect with regard to metallic contaminants, especially in the case of Fe. Prior Art Example 
No. 23 in which the Chlorine Hydrogen Peroxide cleaning method is applied uses an aqueous solution that has 
5.1 wt% of HC1 and 4.4 wt% of H2O2, and although this method is currently the most widely used due to its 
metallic contaminant removal effect, it still has a low removal effect with regard to Fe when compared to the 
examples given for this invention. 

Example (1) of this invention shows a significant reduction in both minute particle contaminants as well 
as metallic contaminants, with no evidence of pitting defects on the surface after cleaning. Furthermore, the 



surface is shown to be hydrophobic after cleaning, with no existence of an oxide film. This means that the type 
of recontamination that occurs when cleaning is performed in such a way that an oxide film is formed during 
cleaning and metallic contaminants within the cleaning solution are allowed to become embedded within the 
oxide film has not occurred inrthe case of Example 1 of this invention. 
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<2> Embodiments for Claims 2 and 3 

The surfaces of silicon wafers are contaminated with the following: approx. 18 x 10 10 atoms/cm 2 of Cr, 
approx. 1 10 x 10 i0 atoms/cm 2 of Cu, approx. 1 10 x 10 10 atoms/cm 2 of Fe, and approx. 21 x 10 10 atoms/cm 2 of 
Ni. These wafers are then dipped into the various cleaning solutions listed in Table 2, which provides the results 
for each cleaning. The cleaned wafers then undergo the same procedures as noted in Embodiment <1> with 
regard to water rinsing and drying, followed by an analysis of the metallic contaminants, measurements 
regarding minute particle contaminants, and observations of pitting defects. The results are shown in Table 2. 

Examples (2) and (3) of this invention, which are the respective embodiments of Claims (2) and (3) of 
this invention, show that the levels of metallic contaminants and minute particle contaminants are drastically 
reduced, with no evidence of pitting defects. 

Due to the low levels of hydrogen fluoride and hydrogen peroxide used during cleaning in the case of 
Comparison Example No. 8, as well as the low level of hydrogen fluoride used during cleaning in the case of 
Comparison Example No. 9, both of these examples show high residual amounts of Cr, Cu, and Fe. In the case 
of Comparison Example No. 15, the low level of oxidizing agent used during cleaning results in high residual 
amounts of Cr, Cu, and Fe. Also, as shown in Comparison Examples No. 16, No. 17, and No. 18, excessive 
amounts of hydrogen fluoride and hydrogen peroxide result in the appearance of pitting defects as well as an 
increase in the level of minute particle contaminants. 
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[Translator's Note: In the Classification (Class.) column above, CE = Comparison Example; PEI = Patent 
Example ( 1); PAE = Prior Art Example] 
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[Translator's Note: In the Classification (Class.) column above, CE '= Comparison Example; PE2 = Patent 
Example (2); PE3 = Patent Example (3)] 

Effect of the Invention 

When a silicon wafer is cleaned using the method described in this invention, a highly pure silicon wafer 
can be obtained in which the levels of metallic contaminants and minute particle contaminants are significantly 
reduced. Furthermore, not only does this invention make it possible to avoid a drop in quality among silicon 
wafers, such as the occurrence of defects along the oxidation inductive lamination layer as well as a drop in 
lifetime, when these wafers are used in highly integrated devices such as IC, LSI, etc., it is also possible to 
prevent degradation of electrical properties in these devices. 
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